We report the behavior of the earth's magnetic field for a transition recorded in lavas at the volcanic island of 
INTRODUCTION
In the past few years, numerous papers have been devoted to the description of the geomagnetic field during reversals. However, very few transition studies are situated in the southem hemisphere [Van Zijl et al., 1962; Clement and Kent, 1984; Hoffman, 19861 and new data are necessary to provide accurate reversal models. In addition, most of the studies of transitional fields are from sedimentary records [Hillhouse and Cox, 1976; Valet and Laj, 1981; Valet et al., 1983; Clement and Kent, 1984; Theyer et al., 19851 and the need for volcanic records which provide accurate spot readings of the paleofield has become more apparent [HofiZan and Slade, 19861 . Some difficulties with sedimentary records of transitions are exemplified by the new study of the Lake Tecopa transition using thermal demagnetization of these sediments [Valer et al., 19881, showing that strong post-depositional overprints were not easily removed by altemating field (AF) demagnetization and hence provide an unreliable transitional path [Hilkouse and Cox, 19761. However, volcanic records are rarely detailed enough to describe completely the reversal [Shaw, 1975; Bogue and Coe, 19821. Except in the Steens Mountain data [Mankinen et al., 1985; Prévol et al., 1985a,b] , few intermediate directions have been observed for any transition. A common feature of the volcanic results is that a similar direction can be recorded in successive flows, followed by large changes to another intermediate position. This can be explained either by a jerky behavior of the transitional field or, more probably, by irregularities in the extrusion rate of the flows. The fact that the magnetic field is nondipolar during -reversals is, at the moment, the main result obtained from paleomagnetic studies of transitions. During intermediate states, a large decrease in the intensity of the field to 10 to 20% of the typical nontransition value is also well documented. Statistical analyses of magnetic polarity observed in flow sequences from Iceland suggest that the interval of time needed to complete a reversal is of the order of 5 to 6-thousands years [Kristjansson, 19853 . Estimation of the length of a transition from individual volcanic records is almost impossible. However, assuming that the flows were grossly regularly erupted did enable Mankinen et al. [1985] to quantify the length of the Steens Mountain transition based on the pattern of secular variation before and after the transition. That estimate (4,500 years) is in good agreement with the one from Iceland. In principle, sediments should provide a better insight on the length of a transition because the average sedimentation rate can generally be fairly well established. Such estimates are in the range of 1,000 to 20,000 years. Even though there is no reason to believe that all transitions have the same time constant, the scatter in the determinations of the duration of a reversal may also result from unrecognized variations in the sedimentation rate, and from an incomplete understanding of the recording process in some sediments.
Volcanic rocks in the Society Islands (French Polynesia) had been sampled previously for a paleomagnetic secular variation study [Duncan, 19751. This sampling showed the existence of pdssible transition zones in the island of Huahine and in the island of Tahiti. Here, we will report only a detailed paleomagnetic study of the island of Huahine. New results from the island of Tahiti are volcanic lineament [Duncan and McDougall, 19761. These Hawaiian type volcanoes are composed mostly of flows averaging one meter in thickness and dipping 5 to 10' away from the eruptive centers. The flow sequences are often cut by vertical dikes and occasionally small horizontal sills are interbedded. Vegetation and extensive tropical weathering limited the possibilities for paleomagnetic 'sampling, which was confined to coastal cliffs or stream canyons.
GEOCHRONOL~GY
The first K-Ar radiometric results from Huahine were obtained by Krummenacher and Noetzlin [1966] which suggested a time span from 1.9 to 5.4 Ma. A more complete geochronological study [Duncan and McDougall, 19761 showed less dispersed ages from 2.01 to 2.58 Ma. New age determinations extend the time of earliest subaerial volcanism to around 3.0 Ma for the southem part of the island (Table 1) .
Samples were provided from the paleomagnetic minicores.
Some 5-6 g of fresh rock chips (0. [Harland et al., 19821. PALEOMAGNETIC SAMPLING AND LABORATORY EXPERIMENTS The paleomagnetic sampling was carried out during two field trips. The first one in 1983 was a reconnaissance sampling of the island to locate available transition zones. A more complete and detailed survey was then done in the southem part of Huahine Iti. An average of six cores per flow or dike were drilled, and a few sites were investigated with oriented block samples. Over 720 cores and 50 blocks have been sampled. Figure 1 shows the distribution of the sampling sites. The shaded area corresponds to the zone where most of the transitional directions were found. The sampling in this area is shown on Figure 2 for lava flows while Figure 3 gives the locations of dikes and sills. Sampling was restricted to small sections for which the chronological order was clearly established in the field (for example, flows from J I 0 to M43 and 83H21 to 83H20). No clear stratigraphic relationship can be seen between other small sections. However, our paleomagnetic results have enabled us to find some correlations.
Remanent magnetizations were measured using spinner magnetometers, mostly with Schonstedt equipment. AF stepwise demagnetizations were performed on most of the samples from each flow; the number of steps depended on the difficulty of removing the secondary component of magnetization. Particularly when dealing with intermediate directions, the primary character of the remanence was also checked by thermal demagnetization in air Abundance and decay constants used ~=0.581xIO-I"yr~, ~ß4.962~10-10 yr1, 40K/K=1.167~10-~. The flow number is italicized. Fig. 2 . Paleomagnetic sampling of the flows near the Mahuti bay. The contour elevation intervi is 100 meters. The mean paleomagnetic field direction aieach site is indicated on equal area projection diagrams. Open symbols correspond to negative inclinations while filled circles indicate positive inclinations. For the latitude of the island of Huahine the normal axial dipole field direction has an inclination of -31". When the stratigraphy between the sites was clearly established in the field, the directional path is indicated with dashed curves. Flow numbers 1 to 22 are referred to in the text and tables as 83H01 to 83H22. A few sites have not been indicated: L31,L32 are in between L30 and L33 while L37 is between 83H05 and 83H06; N50 is just below 83H11; JI1 to J15 are between J10 and J16,83P70 is below QSO. Anhysteretic remanent magnetizations (ARM) were produced by exposing the sample to an alternating field decaying to zero from a maximum of 70mT, parallel to the laboratory's ambient magnetic field of 0.5 Oe. The ARM values were determined after subtracting the residual natural remanent magnetizations (NRM). Paleointensity experiments were carried out by the method of Thellier aiid Thellier [ 19591, using either the original technique reversing the sense of the applied field or using the Coe [ 1967a,b] version. Heatings were performed in vacuum ( Torr) with a heating time of 9 0 minutes and a cooling time of 60 minutes. Some experiments were also done with the S>aw [I9741 method modified by Rolph and Shaw [1985] using the automatic laboratory system described by Shaw et al.
[I9841 with 9mm core samples heated in air.
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PALEOMAGNETIC
RESULTS
Remanence Directions
Typical orthogonal vector projection diagrams are shown in Figure 4 . These examples indicate that the primary magnetization was easily identified in most of the samples after AF cleaning. Average mean directions per flow were calculated from characteristic remanences isolated from AF and thermal cleaning. Results from samples outside the Mahuti area (defined by the shaded area of Figure 1 ) are listed in Table 2 and shown on Figure  5a . Table 3 summarizes the mean results from flows in the southeastem part of the island; the chronological order for the flows is indicated where available. Average paleomagnetic directions of dikes are given in Table 4 . Mean-site directions for flows and dikes are shown on Figure 5b primary and correspond to the original surface. In addition, we did not consider the possible small latitudinal displacement of the island of Huahine since its formation 2 to 3 millions years ago, which might displace the virtual geomagnetic poles by about 2".
This will not affect the discussion about the transitional behavior of the geomagnetic field as recorded on Huahine.
Most of the transitional flows are observed in the southern part of the island (Figures 2 & 5b) (the Mahuti area). Nevertheless, a few intermediate directions were also observed in Huahine Nui, both in flows and dikes, but there is no possible correlation between the paleomagnetic directions from the two islets.
However, no reversed directions have been sampled, indicating that most of the volcanic activity occurred during the Gauss normal polarity chron. 
NRM intensity and susceptibility
To avoid the effects of soft secondary remanent magnetizations, the analysis of the distribution of the NRM properties was done after AF demagnetization to 10 mT, which should be more representative of the primary characteristic magnetizations. Figure  6a shows the distribution of the NRM (10 mT) of both normal and intermediate data. Flows with intermediate directions clearly have lower intensities of magnetization. However, susceptibility has the same distribution for both data sets (FTgure 6b) indicating that there is the same amount of magnetic materials in a l samples.
The ratio of the NRM intensity at 10 m T to the induced magnetization in a field of 3SpT (which is an approximate Koenigsberger ratio) is given in Table 4 . The geometric mean value of these ratios is (Q=2.0; N=49) for sites with intermediate directions, while for normal polarity flows, the mean value is six times higher (Q=12.0; N=17).
Magnetic remanence intensities in volcanic flows depend on the intensity of the geomagnetic field and on the magnetic properties, such as composition and grain size, of the magnetic carriers. The ARM is a laboratory remanence with properties close to those of a thermoremanent magnetization (TRM) [ Levi and Merrill, 19761;  furthermore, its acquisition in a sample does not alter the magnetic mineralogy, as does the acquisition of a TRM. The ARM distribution ( Figure 7 ) is relatively narrow, in contrast to the large scatter in the distribution of NRM intensity (Figure 7) . Although the ratio of ARM susceptibility to TKM susceptibility varies with grain size [ Levi and Merrill, 19763 , it is highly unlikely that grain size variation is the main contributor in NRM variations.
It is well known that the NRM intensity associated with intermediate directions [ Kristjansson and McDougall, 19821 Figure 8a presents the mean intensity of magnetization per flow versus the angular deviation from the dipolar direction. It appears that low N R P intensities correspond to directions of more than 30" from the normal dipolar direction. When average NRM intensities are normalized by the mean ARM per flow, the same distribution is observed (Figure 8b ) and, assuming that this normalization minimizes variations in magnetic properties, the pattem should reflect paleointensity variations. [1988] ). In the case of the Huahine data, we can speculate that low intensities of magnetization are a good indication of low paleointensity values and these directions should be considered as intermediate.
Nevertheless, it must be stressed that an individual flow-mean intensity of magnetization is not an absolute measure of the paleointensity, and only the overall distribution magnetization from several sites reflects the main characteristic of the paleofield. [1959] , is based upon the additivitflaw of the partial TRMs. As the rock mineralogy changes with increasing temperature, Thellier's method compares the NRM progressively destroyed and the TRM acquired in successive temperature intervals. The second method consists mostly in determining 100 -
PALEONTENSITY EXPERIMENTS
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Am-' Fig. 7 . Comparison of the distribution of the intensity of the NRM (AF cleaned) to the distribution of the anhysteretic remanence for the same group of 252 samples. The ARM was acquired in the laboratory's ambient magnetic field (about SOFT) with a peak alternating field of 70mT. changes in the magnetic properties of samples after a complete heating to a temperature above the maximum blocking temperature of the sample [Van Zijl et al., 1962; Shaw, 19741 . These procedures are based upon the changes of the shape of the AF demagnetization curves before and after heating of the sample.
Shaw [1974] added a substantial test with the joint examination of the AF demagnetization curves of ARMS ac-quired before and after heating. The Shaw [ 19741 method , following the Rolph and Shaw [1985] procedure, was applied to more than 40 samples, but no reliable results were obtained.
Experiments with the Thelfiers' method
Preliminary paleointensity experiments have been carried out on 26 samples without secondary magnetization. However, no satisfactory results have been obtained and the following examples of non-ideal behavior from samples from Huahine are presented in order to shed light on problems relevant to paleointensity experiments.
Considering that the magnetic mineral alterations preferentially occur at higher temperatures, paleointensity is de-termined by fitting a line through the lowe3 blocking temperature intervals. In [Shaw, 19751. PALEOMAGNETIC CORRELATIONS AND EVOLUTION W H TIME OF THE TRANSITIONAL FELD Since the sampling was done within small sections where the relative chronology of flows is known, we were able to determine a composite path of field direction changes with time. Figure 2 shows the sample locations and the paleomagnetic results. Field directions paths are identified on the stereoplots when the flow chronology was clearly available in the field. The data were first shown in two separate records, from each side of the Mahuti bay [ Roperch and Chauvin, 19871 . However, because of the proximity of these two areas, their essentially identical K-Ar ages, and the similar features of a geomagnetic transition recorded in the two sections, we combine the results to construct a single path of geomagnetic transition.
The bottom of the composite section is clearly of normal polarity and was recorded by the flows from sites 83H22, 83821, K21,22,23,24 on the north side of the Mahuti bay and flows J10,11,12,13 from the southem side. The beginning of the transition path corresponds to a movement of the local paleofield to steep negative upward inclinations (sites 517, L30). Next, we found directions with negative inclinations and southerly declinations. The direction observed at site L3 I was close to the one recorded at site J I 9 showing that both sides of the bay may contain the same volcanic units. However, above site L31 (north side) and J I 9 (south side), no clear paleomagnetic correlations are possible.
Just above site L31, a steep negative inclination (site L32) is followed by southerly directions with steep positive inclinations (sites L33, 83H01, 83H02). Three thin flows (83804, 83H05, L37) then recorded a very shallow westward direction, while the overlying flow 83H06 had a paleomagnetic direction close to those recorded below flow 83H04. These thin units were mapped as flows and we have found no field evidence to suspect that they are intrusive sills. Flows (83808 to 83H20) recorded a northwesterly direction with a positive steep inclination. An equivalent direction was seen farther east at the sea level (site P60). Further north, a 50 m sequence of flows (G70 to G79) recorded a small loop of directions with westward declinations and negative inclinations. This loop showed a particular direction (255',-28") which was also found at other places (sites 83P80, 83P81, 83HF, P70) and may be a good marker for paleomagnetic correlations. We have added this loop above the previous section with northward steep positive inclination (above 83H20) because sites 83P80 and 83P8 1 stratigraphically overlie the section from 83HOI to 83H20. The direction recorded in flow HC30 may be correlated with this loop but the sites located farther north are not easily correlated with the composite section.
South of the bay, shallow reversed directions (sites M41, M42) occur above site J19, but the paleofield must be still considered to be transitional due to the particularly low remanent intensities.
Moreover, these shallow directions found 3t an elevation of 150 m were also found at sites (E53,E54) at an elevation of 10 m above sea level. This is in agreement with flows dipping about 10" toward the sea. Above these two flows, another transitional direction was found (site ES 1) supporting our interpretation that the shallow reversed directions represent intermediate fields. There is a major gap of about 50 m in the record due to the lack of outcrops between site M42 and the top of the section (M43) which ends with a normal direction. Therefore, it is possible that we may have missed a reversed interval in this sequence and that the record might be only an apparent excursion. We assume the flows with normal polarity to be the end of the polarity transition. However, one dike (TF) cuts the section and the direction recorded in it was at more than 30" from the axial dipole direction. An intermediate direction is also recorded at site TL, located on the southem crest of the Tefarerii valley, and it is Following Mankinen et al. [1985] , flows that record the same field direction have been averaged together, and the resulting directions are given a 'directional group' number in Table 3 and mean results are summarized in Table 5 . No strict statistical criteria were used te determine if successive lava flows record the same or different directions. The only minor departure from the procedure of Mankinen et al. [ 19851 is that we use a mean between sites rather than between samples. Since a relative chronology is established for part of the section, directional groups from D1 to D20 are shown in relative order from bottom to top. Some directions which were found at only one site were also given a directional group number in accord with the sequence. Directional groups Gl,G2,G3,G4 and G5 are not easily correlated with the N S 2123 main section (Table 5) , and for convenience, the other uncorrelated individual directions found at only one site are also listed in this table.
Paleomagnetic results on dikes
Dikes and sills from the Mahuti area have also recorded transitional directions and only one dike (K20) has a normal polarity magnetization. This dike cuts normal flows but we have not been able to determine if it also intrudes the overlying intermediate flows. Table 5 . Small circles are the other uncorrelated directions or groups from Table 5 . (b) The same data are shown after rotation following Homan [1984] . A O" pseudo-declination corresponds to a far-sided situation while 180" is a nearsided situation. Same convention as for previous plots. ROPERCH AND DUNCAN: GEOMAGNETIC REVERSALS, m N C H POLYNESIA. 1 found from sills and dikes (L34, 83H10, 83H03) and might be correlated with directions found in flows (G70 to G79) in the upper part of the section. These correlations indicate that all the igneous units in this area are products of the same phase of volcanic activity.
DISCUSSION
Excursion or Reversal?
The bottom of the composite section is clearly normal followed upsection by transitional directions. Furthermore, the regular shift of the directions from normal to steep negative inclinations (DI to D8) suggests that there is no important gap in the beginning of the record and that we are deal-ing with either a N-T-R reversal or a N-T-N excursion. In two cases, normal directions have been found above transitional directions. Thus, taking into account the radiometric data which give ages between 2.9 and 3.1 Ma, a hiatus in the volcanic activity during the Kaena reversed subchron could explain the record. Then, the numerous intermediate directions found in the Mahuti section would correspond to one (or both) transitions which limit the Kaena subchron.
Several excursions have been found, especially in the Brunhes period [Champion et al., 19881 , that suggest the occurrence of short unrecognized excursions in the geological past; therefore, we cannot dismiss the excursion hypothesis. Moreover, Prévot et al. [1985] argued that the Steens Mountain reversal is characterized by a rebound in the transition indicating that some instability might occur in the following established dipole field. The transitional record from Huahine might be a rebound above the Kaena subchron or a short excursion preceding the lower Kaena boundary. However. because no reversed directions have been found and no detailed magnetostratigraphy is available from below and above the section, we cannot definitely choose between the different possibilities. Prévot et al. [1985b] suggested that non-zonal components are as important as the components lying within the geographical meridian during transitions. However, data from HuaHine provide some evidence that transitions may have two different configurations for the beginning (axisymmetric) and the middle of the reversal (chaotic) (Figure 12 ). As is often the case for transitions recorded in lava sequence, the timing of the reversal is not well constrained. Nevertheless, the regular movement from the axial dipole direction toward high inclinations, observed at Huahine as well as for the lower Jaramillo transition recorded at Tahiti [Chauvin er al., this issue] , allow us to speculate that this corresponds to the first phase of the transition.
Insight into the reversal process
A simple model with only a decaying axial dipole and a growing axial quadrupole or axial octupole is shown in Figure 13 . The path through high inclinations observed for the two opposite reversals from Polynesia may be fit with a decaying dipole and a growing axial quadrupole field having the same sign as the initial dipole. A growing axial octupole of opposite sign of the dipole is a less likely candidate because this combination cannot produce very steep inclinations at that latitude (-17") and does not depart much from the axial dipole. (An octupole of the same polarity would produce large departures from the normal dipole direction but with a path through zero inclination to positive inclination.) Different combinations including several low-order zonal harmonics [Williams und Fuller, 19811 Fig. 13 . Simple models of the beginning of a transition defined by (a) a linear decrease of the axial dipole field with either a growing axial quadrupole of the same polarity or a growing axial octupole of opposite polarity to the decreasing dipole. The directional behavior (b) is shown on the stereoplots and corresponds to a transition with a starting normal field recorded at a latitude of 17"s. The intensity variation (c) corresponds to models with an initial dipole coefficient.of -30,000 nT.
its simplicity which suggests a predominant role of the quadrupole field.
Some other volcanic records show, although less clearly, a trend toward axisymmetry at the onset of reversal [Prévot et al., 1985bl and the same predominance of the zonal terms at the beginning of some records of the Matuyama-Brunhes reversal has been noted [Hoffman, 19821. These intensity nondipole fields with high-order harmonic content, which suggests that the quadrupole field apparent at the beginning of the transition must also vanish through the reversal process. This apparent chaotic behavior of the magnetic field at the earths surface may correspond to an increase in turbulence in the fluid earths core. Excursions are often interpreted as reversal attempts which have not been successful [Harrison, 1980; Hoffr?nlarz, 1981; Coe at al., 19841 . If we assume the observed magnetic stratigraphy to be real and thus to correspond to an excursion, the similar characteristics of the intermediate fields observed at Huahine and those recorded during full reversals [Chauvin er al., this issue] would support the aborted reversal hypothesis.
